We analyzed water-soluble organic aerosols from a larch forest
Introduction

50
Low molecular weight (LMW) dicarboxylic acids (diacids) have been detected in 51 atmospheric particles from urban, marine, forest, and polar regions (e.g., Li and Winchester, 52 1989; Kawamura and Bikkina, 2016; Kourtchev et al., 2009 ). Oxalic acid is the most 53 abundant species of organic aerosols and major portion of oxalic acid (90%) is present in 54 particle phase (Lim et al., 2005) . LMW diacids are directly emitted from motor exhausts 55 (Kawamura and Kaplan, 1987) , biomass burning (Kawamura et al., 2013) , domestic cooking 56 (Schauer et al., 2002) and marine sources (Rinaldi et al., 2011) . Furthermore, photochemical 57 oxidations of natural organic precursors (hydrocarbons) are important sources of LMW 58 diacids (e.g., Huang et al., 2011) . Diacids are highly water-soluble (Giebl et al., 2002) , and 59 thus they can act as cloud condensation nuclei (CCN) to result in the formation of clouds 60 having an influence on the radiative forcing and climate changes (Kanakidou et al., 2005) . 
.
123
Details of the analytical procedure of diacids, oxoacids, α-dicarbonyls and unsaturated 124 fatty acids were described in Kawamura et al. (1996) and Mochida et al. (2003a) . Briefly,
125
water-soluble organic compounds were extracted from the filter portion (12.6 cm 2 ) with through quartz wool packed in a Pasteur pipette. After adjustment of pH to 8.5-9.0 with 0.05
128
M KOH solution, the filtrates were dried using a rotary evaporator under vacuum at 50 °C.
129
Organic acids and α-dicarbonyls were derivatized to dibutyl esters and dibutoxy acetals with
130
14% BF 3 /n-butanol at 100 °C for 1 h. The derivatives were identified and quantified using a 131 capillary gas chromatograph (Agilent GC7890A, Agilent, USA) and GC-mass spectrometer
132
(Agilent GC7890A and 5975C MSD, Agilent, USA 
Production of oxalic acid from isoprene and α-pinene
190
In our present study, a positive correlation was observed between methylglyoxal and 191 oxalic acid (r 2 = 0.66) and glyoxal and oxalic acid (r 2 = 0.80) in a L. kaempferi forest (Fig. 3 ).
192
Oxalic acid is a product of the chain reactions of α-dicarbonyls as suggested by a strong , 2007 , , Tan et al., 2009 Tan et al., 2010) .
202
In addition, oxalic acid showed a significant correlation with O 3 (r 2 = 0.65) (Fig. 4a) α-pinene in the forest atmosphere.
229
Malonic/succinic acid (C 3 /C 4 ) ratio has been often used as an indicator of photochemical 230 processing (aging) of organic aerosols, during which the C 3 /C 4 ratio increases (e.g., Kawamura and Ikushima, 1993 , 1986; Kawamura and Gagosian, 1987) .
249
Azelaic acid (C 9 ) in the L. kaempferi forest is a dominant species in the range of C 6 -C 10 250 diacids (Table 1) , 1986; Kawamura and Gagosian, 1987; Noureddini and Kanabur, 1999) .
260
We suggest that C 9 is mainly produced by the oxidation of oleic and linoleic acids emitted atmosphere in both gas and particle phases. (Fig. 8a) , we found a good positive correlation 302 between the ratios of C 2 /WSOC and O 3 (r 2 = 0.41) (Fig. 8b) . We suggest that secondary 303 formation of oxalic acid from BVOCs and UFAs emitted from the forest ecosystem enhances 304 its contribution to WSOC in the forest aerosols. The mean ratio of C 2 /WSOC was 6% (range: 305 3.7 -9.7%). This level is higher than that reported in aerosol samples from the western North 
